content in the renal cortex of diabetic rats recovered towards control values, especially after 10-day treatment. Ma londialdehyde content increased in diabetic rats and was reduced towards control value following 7-and 10-day treatments. Treatment of diabetic rats with INS, VE or the combination of INS and VE decreased elevated TGF-␤ 1 in plasma, decreased excretion of TGF-␤ 1 in urine, and decreased renal cortex TGF-␤ 1 mRNA levels.
phropathy (DN) is likely to develop over time in response to non-insulin-dependent diabetes (type 2) as well as to insulin (INS)-dependent DM (type 1). DN is an important cause of increased morbidity and mortality among these patients. Clinical manifestation of nephropathy is similar for the two main types of diabetes [3] despite differences in genetic predisposition [4] . Early nephromegaly, glomerular hyperfi ltration and micro-albuminuria are equally prevalent in type 1 and type 2 diabetes [3, 5] .
Toxic effects of glucose are well documented [6] and it is now fi rmly established that hyperglycemia is the main metabolic perturbation causing irreversible kidney damage in diabetes. Spontaneous chemical, non-enzymatic reaction(s) (known as Maillard reaction(s) [7] ) between carbohydrates, such as glucose, and long-lived proteins lead to the formation of advanced glycation end products (AGEs) [8] . Reducing sugars, such as glucose, react nonenzymatically and reversibly with free amino groups in proteins giving Schiff base adducts and forming small amounts of stable Amadori products. Oxidative and nonoxidative reactions are both implicated in AGE formation and diabetic and non-diabetic complications [9, 10] . AGEs and reactive precursors have been implicated in the pathogenesis of diabetes, Alzheimer disease, renal failure, and in normal aging [11] [12] [13] . Formation of AGEs is irreversible even at an early stage of diabetic complications.
Biological proteins are modifi ed by AGE in vivo under 'oxidative stress' (glycoxidation). Increasing evidence suggests that oxidative damage results from a complex breakdown in oxidative balance, including increased generation of reactive oxygen species. Oxidative stress has a physiological role in signal transduction and it is involved in a wide array of deleterious cellular consequences such as DN [14] .
Activation of cytokines might be another factor involved in the glomerular matrix accumulation in DN. It has been shown that hyperglycemia increases the expression of the cytokine-transforming growth factor (TGF-␤ 1) in glomeruli and matrix proteins [15, 16] . Thus, TGF-␤ 1 may contribute to both cellular hypertrophy and enhanced collagen synthesis in DN [17] .
During diabetes, protein modifi cation by Maillard reaction is associated with crosslinking [18] , decreased protein solubility, increased protein resistance and amyloid formation. Inhibition of Maillard reactions using inhibitors of crosslinking, effective antioxidants and radical scavengers could contribute to the elucidation of molecular and biochemical mechanisms of DN, and represents a promising therapeutic strategy with a potential to slow the progression of disease.
The aim of this study was to investigate the role played by oxidative stress in DN using an antioxidant and radical scavenger, vitamin E (VE), to modulate TGF-␤ 1 in early stages of DN. VE ( ␣ -tocopherol) is a fat-soluble antioxidant that is well suited to inhibit lipid peroxidation in the kidney cortex [18] .
Materials and Methods

Chemicals
Chemicals were purchased from Sigma-Aldrich Chemie (Taufkirchen, Germany), unless otherwise specifi ed.
Animals and Treatment Groups
Male Sprague-Dawley rats, weighing 200-220 g received standard laboratory diet and water ad libitum. Rats were housed in an environmentally controlled animal facility operating on a 12-hour dark/light cycle and 55% humidity, and were maintained and cared for as described in the guide for the care and use of laboratory animals (Kuwait University).
To induce diabetes, rats were given a single i.p. injection of streptozotocin (STZ) 65 mg/kg dissolved in the 0.01 M citrate buffer pH 4.5 [19] . Control rats (termed 'vehicle') were given (i.p.) 0.01 M citrate buffer, pH 4.5. On the 6th day following STZ injection, blood glucose levels were above 500 mg/dl ( ϳ 28 m M ). On the 7th day, diabetic rats were started on a course of treatment for 3, 5, 7 and 10 days with INS (7 IU/kg/day) [20] , VE (100 mg/kg, i.p.), or a combination thereof. At least 5 rats were included in each treatment group. During the treatment period, each biochemical parameter was measured at 3, 5, 7 and 10 days. At the end of each treatment period, biochemical parameters were determined and the rats sacrifi ced. Biochemical parameters for the two control groups (vehicle and diabetic rats) were measured at 10 days, and the animals were sacrifi ced immediately thereafter.
Determination of Total Protein, Lysozyme and TGF-␤ 1 in
Plasma and Urine
At the end of the 10-day treatment period, animals (5/group) were placed in metabolic cages which permitted an effective separation of faeces and urine into tubes outside the cage. Urine collection was carried out over 24 h; for this period the tubes used for urine collection were immersed in an ice-cold water bath to avoid losses in enzyme activity. Food and water were provided ad libitum over the collection period.
Total urine volume was determined gravimetrically, and the urine collected from each rat was centrifuged at 5,000 rpm and 4 ° C for 15 min using a Sorval ® RT7 centrifuge (DuPont Medical Products, USA). Portions of urine from each animal were stored at -20 ° C prior to protein, lysozyme and TGF-␤ 1 determinations. Total protein concentration in the urine was determined using the method of Schacterle and Pollack [21] , and lysozyme activity was measured as described previously [22] . Total protein excretion was expressed as mg/24 h and total lysozyme excretion as g/24 h. Determination of TGF-␤ 1 in the plasma, the urine and the renal cortex was carried out using commercial ELISA kits (TGF ␤ 1 E max ® ImmunoAssay System, Promega Corporation, USA). Plasma samples were diluted 150-fold for ELISA determination of TGF-␤ 1.
Determination of Glycemic Stress
Plasma glucose and fructosamine concentrations were measured and used as markers of glycemic stress. Plasma glucose concentrations were measured using a modifi cation of the ortho-toluidine method [23] . Fructosamine concentrations were determined from formazan absorption at 530 nm, as described previously [24, 25] .
Determination of Reduced Glutathione and Malondialdehyde in the Renal Cortex
Reduced glutathione (GSH) was determined using Ellman's reagent and measurement of absorbance at 412 nm [26] . Oxidative damage caused to cell membrane lipids [27] was assessed by determination of thiobarbituric acid-reactive substances, mainly malondialdehyde (MDA), by means of absorbance at 535 nm, as described previously [27, 28] . Absorption spectra were recorded with a Beckman DU 70 spectrophotometer.
Expression of TGF-␤ 1 mRNA
Expression of TGF-␤ 1 in the renal cortex was investigated using reverse transcription and polymerase chain reaction (RT-PCR).
Total RNA was extracted from kidney cortex, and TGF-␤ 1 mRNA was measured semiquantitatively by RT-PCR using rat glutaraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA as an internal control. PCR products were quantifi ed using the Gel Documentation System (Gene Genius, Bio Imaging System, Syngene, Synoptics Ltd, UK).
Samples of 100 mg of kidney cortex tissue were removed from treated and untreated rats and homogenized immediately in TRIzol reagent (Gibco-Invitrogen, UK). Total RNA was extracted from the homogenate according to the recommendations of the manufacturer. TGF-␤ 1 mRNA expression was determined by semiquantitative RT-PCR; 2 g of total RNA were reverse-transcribed and amplifi ed using a one-step RT-PCR kit (Qiagen Inc., Calif., USA) according to the manufacturer's instructions. Primers used were: rat TGF-␤ 1 (sense); 5 -CTTCAGCTCCACAGAGAAG-AACTGC-3 (bases 1,267-1,291), TGF-␤ 1 (antisense); 5 -CAC-GATCATGTTGGACAACTGCTCC-3 (bases 1,540-1,564); rat GAPDH (sense); 5 -ACCACAGTCCATGCCATCAC-3 , GAPDH (antisense); 5 -TCCACCACCCTGTTGCTGTA-3 (bases 734-763) giving predicted sizes of the amplifi ed products of 298 bp for TGF-␤ 1 and 452 bp for GAPDH. Total RNA was reverse-transcribed at 50 ° C for 20 min, followed by amplifi cation for 29 cycles of: denaturing for 30 s at 94 ° C, annealing for 30 s at 58 ° C and extension for 30 s at 72 ° C using a DNA thermal cycler (Perkin-Elmer Cetus, Instruments, USA). Those conditions yielded exponential amplifi cations as described previously [29] . Samples (5 l) of RT-PCR product were analyzed by electrophoresis on a 1% agarose gel and visualized by ethidium bromide staining. Levels of TGF-␤ mRNA expression were determined after normalization for GAPDH mRNA.
TGF-␤ mRNA levels in the renal cortex were also examined by Northern blot analysis. Total RNA (10 g) samples were separated by electrophoresis on 1% formaldehyde-agarose and transferred onto positively charged nylon membranes. RNA species were detected with biotin-labeled TGF-␤ and GAPDH probes using BrightStar BioDetect Kit (Ambion, USA) following the manufacturer's protocols, and were quantifi ed using a gel documentation system (Gene Genius, Syngene, UK).
Statistical Evaluation of Results
Mean values, standard deviations (SD) and one-way ANOVA were carried out using Sigma software (Jandel Scientifi c Software, San Rafael, Calif., USA). ANOVA was followed by the StudentNewman-Keuls test. Results were considered statistically significant if p ! 0.05.
Results
Glycemic Stress
A signifi cant increase in plasma glucose and fructosamine concentrations was observed after induction of diabetes in rats ( table 1 ) . Glycemic stress was decreased by treatment of diabetic rats with INS, VE or by the combination of INS and VE. VE treatment for 10 days reduced glucose and fructosamine levels to 47.42 and 32.51%, respectively, compared to the corresponding levels in diabetic rats. Oxidative Stress A decrease of GSH in the cortex of diabetic rats, when compared with vehicle-treated animals, was found ( table 3 ). Treatment of diabetic rats with INS, VE and the combination of INS and VE over 3-10 days caused a partial recovery of GSH content. VE treatment for 10 days of diabetic rats increased GSH content by 33.06%, when compared with the corresponding levels in non-treated diabetic animals ( table 3 ) .
MDA content increased in the renal cortex of diabetic rats when compared with vehicle-treated animals ( table 3 ). Treatment of diabetic rats with INS, VE and the combination of INS and VE over 3-10 days showed a decrease of MDA content towards the values observed in vehicle-treated animals. VE treatment for 10 days of diabetic rats decreased the formation of MDA to 32.14%, when compared with the corresponding levels in nontreated diabetic rats ( table 3 ) .
Plasma TGF-␤ 1 and Excretion of TGF-␤ 1
There was a signifi cant increase in TGF-␤ 1 excretion in diabetic rats compared with control animals ( fi g. 1 ).
Plasma TFG-␤ 1 concentrations increased signifi cantly in diabetic rats ( fi g. 1 ) but returned to control values in treated diabetic groups. After 10 days of VE treatment, plasma 
Discussion
In STZ-treated rats, DM arises from irreversible destruction of pancreatic ␤ -cells, causing reduction of INS secretion [30] . Therefore, STZ-induced DM has been used in numerous studies as an animal model of human type 1 DM.
It is important to consider oxidative stress as a potential source of patient morbidity and mortality in diabetes. The present study showed that VE had an antihyperglycemic effect in STZ-induced diabetic rats. VE also had a protective effect against oxidative stress in the kidney induced by hyperglycemia. The plasma concentration of fructosamine is a parameter that refl ects the overall metabolic control of diabetes over the time following STZ administration [31] . In the present study, plasma concentrations of fructosamine were decreased in VE and in VE and INS treatment groups in diabetic rats. This supports the antihyperglycemic effect of VE and is in accordance with results from patient studies showing that VE improves INS action [32] . The antihyperglycemic effect of VE is also supported by a signifi cant decrease of glucose excretion in VE-treated groups compared with non-treated diabetic rats in this study.
An increased excretion of total protein is an indicator of glomerular damage [33] , while an increased excretion of low molecular weight proteins, such as lysozyme, is an indicator of tubular structural and functional injuries [34] . The present fi ndings regarding the increase of total protein excretion in diabetic rats are in agreement with previous studies [35] . The present study showed that both total protein excretion and lysozyme excretion were signifi cantly increased in diabetic rats (when compared with non-diabetic controls), and that in VE and in INS plus VE treatment groups a distinct depression of these two indicators occurred. Similarly, a study of diabetic patients showed that treatment with VE signifi cantly decreased microalbuminuria [36] , indicating a nephroprotective effect of VE in diabetes.
Increased plasma concentrations of TGF-␤ 1 and increased excretion of TGF-␤ 1 in the urine suggests that TGF-␤ 1 may have a role in the pathogenesis of tubulointerstitial disease that characterizes proteinuric renal disease in diabetic rats. The present study indicates that levels of urinary TGF-␤ 1 were related to total protein and lysozyme excretion. TGF-␤ 1 excretion was decreased in diabetic rats treated with VE and VE plus INS when compared with non-treated diabetic rats. This suggests that TGF-␤ 1 could be implicated in the tubulointerstitial fibrosis that accompanies proteinuric renal disease in DN. The fi brotic build-up in the tubulo-interstitium is probably a result of excessive production of matrix by tubular epithelial and interstitial cells stimulated by increased TGF-␤ 1 activity.
Many pathogenic mechanisms contribute to the development of DN; oxidative damage is one of them [37] . GSH which is the primary endogenous antioxidant, and MDA, a marker of oxidative stress, were measured in the renal cortex of diabetic rats at different time points after STZ injection.
This showed a distinct decrease of the tripeptide GSH in the renal cortex of diabetic rats when compared with control rats. Treatment of diabetic rats with VE or with VE plus INS caused a recovery of GSH content towards control values. Thus it appears that GSH is implicated in cellular protection against reactive oxygen species. MDA, an end product of lipid peroxidation, was increased in the renal cortex of diabetic rats, suggesting that peroxidative injury may be involved in the development of DN. In this study, treatments of diabetic rats with VE, or with the combination of VE and INS reduced the MDA content in the renal cortex, suggesting that VE can protect renal cortex tissue against lipid peroxidation through its antioxidant effect [38] . The early protective effect of VE may be due to its antihyperglycemic effect and/or its free radical-scavenging effect.
Members of the TGF-␤ superfamily are synthesized as prepropeptides precursors and then processed and secreted as homodimers and heterodimers. The TGF-␤ 1 family of peptide growth factors includes fi ve members, termed TGF-␤ 1 through TGF-␤ 5, all of which form homodimers of about 25 kDa. TGF-␤ s have been shown to exert a number of different effects in a variety of cells [39] . TGF-␤ 1 has many biological functions, including regulating cell activation, proliferation, differentiation and viability and promoting tissue regeneration and repair. The present study showed that TGF-␤ 1 mRNA is increased in the renal cortex of type 1 diabetic rats and is in agreement with the results of previous studies [40] .
Conclusion
Diabetes-induced overexpression of TGF-␤ 1 mRNA was suppressed signifi cantly by VE and INS after 5-, 7-and 10-day treatments in this study. Therefore, VE treatment may be effective in early stages of DM to decrease or prevent DN complications. A better understanding of the role of protein glycation reactions, and of oxidative stress and intracellular signaling in the development of diabetes will help to establish therapies to delay the onset and progression of diseases such as DN.
